Jorge Lobo's Disease (JLD) is a cutaneous chronic granulomatous disease caused by the pathogenic fungus Lacazia loboi. It is characterized by a granulomatous reaction with multinucleated giant cells and high number of fungal cells. In order to contribute to the comprehension of immune mechanisms in JLD human lesions, we studied the cytotoxic immune response, focusing on TCD8+ and NK cells, and granzyme B. Forty skin biopsies of lower limbs were selected and an immunohistochemistry protocol was developed to detect CD8+ T cells, NK cells and Granzyme B. In order to compare the cellular populations, we also performed a protocol to visualize TCD4+ cells. Immunolabeled cells were quantified in nine randomized fields in the dermis. Lesions were characterized by inflammatory infiltrate of macrophages, lymphocytes, epithelioid and multinucleated giant cells with intense number of fungal forms. There was a prevalence of CD8 over CD4 cells, followed by NK cells. Our results suggest that in JLD the cytotoxic immune response could represent another important mechanism to control Lacazia loboi infection. We may suggest that, although CD4+ T cells are essential for host defense in JLD, CD8+ T cells could play a role in the elimination of the fungus.
Introduction
Jorge Lobo's Disease (JLD) is an important cutaneous chronic granulomatous disease caused by the pathogenic fungus Lacazia loboi. The higher numbers of cases are reported in Brazil, although the disease is described in other Latin American countries. [1] [2] [3] [4] [5] Lesions are commonly found on the ears and upper and lower limbs and can present different clinical aspects. 6 Some aspects are the keloid-like type, verrucous, ulcerated, gummy, scleroderma or macular infiltrative ones. [7] [8] [9] The histopathological diagnosis is an important tool through which it is possible to observe a granulomatous reaction with multinucleated giant cells and high number of fungal cells. The local immune response has been explored, but some aspects of immunopathogenesis are still little understood. Studies focusing on the in situ immune response in human lesions of JLD characterized some cells and cytokines. 10 Regarding the cytotoxic immune response in fungal infections, we recently studied the role of TCD8+ cells, NK cells, and granzyme B in cutaneous and mucosal lesions from patients with Paracoccidioidomycosis, a disease that share some characteristics with JLD. It was evidenced the cytotoxic function of CD8+T cells based on the detection of perforin and granzyme B and suggested a role in the in situ immune response to eliminate the fungus.
11
Studies on the cellular immune response in JLD demonstrate the presence of macrophages (CD68+) and intense expression of TGF-β, associated to fibrosis and absence of well organized granulomas. 7 The ineffective immune response against L. loboi seems to be related to a Th2 pattern of cytokines. 12 It is described an expressive number of CD4+ T cells producing IL17 over TCD4+Foxp3+ cells in JLD cutaneous lesions and suggested that the Th17 pattern of cytokines could be present as an effort to modulate the local immune response. 13 In another approach, it was possible to demonstrate that JLD lesions comprise a clinical and immunological spectrum that ranges from susceptibility to resistance.
14 Some studies suggest an important role of CD8+ T cells in the control of fungal load. 15, 16, 17 In order to contribute to the best comprehension of the immune mechanisms in JLD human lesions, we intended to explore the cytotoxic immune response, focusing on CD8+ and NK cells, and granzyme B.
Material and methods
Forty skin biopsies of lower limbs from 40 patients were selected from the files of the Nucleo de Medicina Tropical, Universidade Federal do Para, Belem, PA, Brazil. The diagnosis was based on the direct mycological examination and histological analysis.
Immunohistochemistry
Following deparaffinization in xylene and hydration in ethanol, antigen recovery was performed in a TRIS/EDTA solution pH9.0 for 20 minutes at 95 • C. The primary antibodies anti-CD8 (DakoCytomation, M7103, CA, USA), anti-NK (Labvision, MS-136, CA, USA) and anti-Granzyme B (Santa Cruz, SC1969, TX, USA) were applied at 1/20, 1/200, and 1/50 dilutions, respectively. In order to compare the cellular populations, we also performed an immunohistochemistry protocol to visualize TCD4+ cells (1/1000) (DakoCytomation, M834, CA, USA). Following an overnight incubation at 4
• C, it was applied to the second antibody and a Streptavidin-Biotin peroxidase system (LSAB, Dako, Carpinteria, CA, USA). 3, 3-diaminobenzidine tetrahydroxychloride was used as chromogen, and the slides were counterstained with hematoxylin. All reactions were performed with positive and negative controls. The second ones were constituted by the use of isotype controls and the omission of the primary antibody. Immunolabeled cells were quantified in nine randomized fields in the dermis using an x10 ocular lens with a square grid and an x40 objective. The sum of the number of immunostained cells was divided by the number of fields (nine) and the result was divided by 0.0625 (area of the grid), providing the number of cells/mm 2 . Statistical analysis was performed using the GraphPad Prism 5.0 program, using the Mann-Whitney test. A level of significance of 5% (P < .05) was adopted for all tests. The Spearman test was used to evaluate the correlation coefficients (r).
Results
The patients' age ranged from 25 to 80 years, mean age of 52.5 years. Thirty-five were male (age range 31-80 years) and 5 were female (age range 25-65 years). The lesions were of keloid-like type (n = 34) and verrucous (n = 6), 8 localized in the ear, 3 on the face, 6 in upper limb, and 23 in lower limb.
The lesions were characterized by inflammatory infiltrate constituted by macrophages, lymphocytes, rare asteroid corpuscles, epithelioid cells, and multinucleated cells of Langhans and foreign body types, intense number of fungal cells ( Figure 1A) .
The populations of CD4 and CD8 T lymphocytes were visualized in all the specimens of JLD, distributed in the inflammatory infiltrate, the same to NK cells and granzyme B (Figure 1B-E) .
The quantification of immunolabeled cells evidenced the prevalence of CD8 (mean 107.2 ± SD 153.4) over CD4 cells (mean 59.24 ± 154.1), followed by NK cells (mean 20.0 ± SD 31.28). The mean value of cells expressing granzyme B was 39.40 ± SD 61.52. Figure 1F presents the quantitative results, considering nine randomized fields. The analysis of quantitative results (Mann-Whitney test) evidenced statistically significant difference only when the populations of CD8 × CD4 and CD8 × NK were compared (P < .05). The casuistic was also divided in lesions of verrucous and keloid-form types and values were compared for each cell population, evidencing no statistical differences between both groups (P > .05).
The correlation coefficients between the expression of granzyme B and CD4, CD8 T cells and NK cells is in Table 1 .
Discussion
Jorge Lobo's Disease is an important disease, characterized by a chronic granulomatous reaction and generally is full of parasites in the dermis. It is frequent in exposed populations of endemic areas in Latin America. 18 In the last few years, some studies regarding the characterization of the in situ immune response in patients with Jorge Lobo's Disease have been performed. Previous studies demonstrated poorly organized granuloma constituted by CD68+ macrophages and multinucleated giant cells, CD3+ T lymphocytes, CD4+ and CD8+ lymphocytes, CD57+ natural killer cells, CD79+ plasma cells and CD20+ B lymphocytes. 19, 20 Xavier et al. 7 correlated the strong presence of collagen bands as an effect of TGF-β and consequent inhibition of macrophages, inducing fibrosis. Authors speculated that TGF-β could play a role in the pathogenesis of JLD, either by inhibiting the cellular immune response mainly mediated by macrophages or by inducing fibrosis. TGF-β1 is produced by macrophages and Th3 lymphocytes and is considered a potent immunosuppressive cytokine that suppresses the phagocytic activity of macrophages. 21 However, this cytokine plays a role in promoting the proliferation of CD8+T cells. Considering the characterization of JLD lesions regarding the phenotype of cells and cytokines, our results evidencing the predominance of CD8+T cells over CD4+T cells are in accordance with those previous data. The increased number of CD8+ T cells observed in the present study suggests that these cells may play a role in the in situ immune response in JLD lesions. It may also be considered that TGF-beta, as a regulatory factor, affects cells proliferation, differentiation and is involved in some processes of immune response and wound healing. 18 It is demonstrated the potent inhibitor role over TCD4+, TCD8+, and NK cells, considering the function. This could explain at least in part the lower number of TCD4+ cells in JLD lesions when compared to TCD8+ cells. Some studies have shown that TCD8+ cells activated in the presence of TGF-beta do not present cytotoxic function. 22, 23 Considering that, besides the presence of high number of TCD8+ cells, it could be suggested that they have some deficit in their cytotoxic role in JLD. NK cells play an important role in protection against different infectious agents. NK cells present a diminished activity in patients with active PCM, a disease that share some characteristic with JLD. Although in the early phase of PCM these cells are related to resistance, in later stages this activity is decreased and unable to control the dissemination of the fungi. 24 The main mechanism that CD8+T cells kill target cells is through the secretion of perforin and granzyme granules. Not only CD8+ T cells but also NK cells produce granzyme B as an important ability to kill their targets. 25 Previously, studying skin and mucosal lesions of PCM, we evidenced that CD8+ T cells display a cytotoxic function through the expression of perforin and granzyme B and speculated that the cytotoxic response may play a role in the in situ immune response against that fungal infection. 11 Allied to the expression of granzyme B, other cytotoxic elements are important in the interaction of these groups of cells in fungal infections. In cryptococosis, CD8 cells use granulysin to destroy yeast cells and in histoplasmosis, it is verified the importance of granzyme A and B. 26, 27 NK cells, also in cryptococcosis, present cytotoxic activity mediated by perforin, however, the immune response against Aspergillus fumigatus these cells did not mediate cytotoxicity through perforin and granulysin or granzyme and present other factors not yet well elucidated. 27, 28 Our results suggest that in JLD the cytotoxic immune response could represent another important mechanism to control Lacazia loboi infection. Cells expressing granzyme B were observed in the inflammatory infiltrate. CD8+ T cells are able to produce granzyme B that can target infected macrophages and giant cells that form the granulomas. We may suggest that, although CD4+ T cells are essential for host defense in JLD, CD8+ T cells could play a role in the elimination of the fungus.
The present results contribute to the existing knowledge on the immune responses to the Lacazia loboi infection and could lead to the development of new strategies for patient management and remission of the lesions.
